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Abstract
Thin films ("thin" meaning thinner than μ1m) are nowadays present everywhere
such as in MEMS, solar cells and protective or functional coatings. The
mechanical integrity of the films is the key for the reliability of the devices under
interest. Compared to their bulk counterparts, thin films involve, owing to the very
fine microstructure, moderate to high strain rate sensitivity, which can lead to
detrimental creep.....
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Thin films ("thin" meaning thinner than 1 µm) are nowadays present everywhere 
such as in MEMS, solar cells and protective or functional coatings. The mechanical 
integrity of the films is the key for the reliability of the devices under interest. 
Compared to their bulk counterparts, thin films involve, owing to the very fine 
microstructure, moderate to high strain rate sensitivity, which can lead to detrimental 
creep. 
 
Creep in freestanding films affects the operation of several MEMS devices such as 
RF-MEMS switches [1]. Also thin coatings involving large internal stresses could 
relax over long periods by creep. 
 
The mechanical testing of freestanding thin films is an experimental challenge. A 
nanomechanical lab-on-chip testing method has been used to study the 
creep/relaxation response of thin palladium films. The underlying idea is to use 
internal stresses, created during the deposition of a silicon nitride thin beam. The test 
film is then loaded after etching the underneath sacrificial layer. The main advantage 
of this technique is that thousands of creep/relaxation tests are simultaneously 
carried out without monopolizing any external actuating/loading equipment and 
without using any time consuming calibration procedures [2]. This internal stress 
actuated testing method allows also determination of activation volume during 
relaxation. A signature of the dominant relaxation mechanism is given by this 
activation volume which has been determined for different levels of plastic 
deformation [3]. 
 
Time dependent relaxation/creep mechanisms are amplified in nanocrystalline 
materials compared to traditional microcrystalline systems due to the dominance of 
thermally activated mechanisms and the difficulty to activate classical dislocations 
based plasticity. The analysis of relaxation in thin films, especially when 
freestanding, does not only offer a system of fundamental interest due to the 
inherent simplicity of the microstructure (often one grain in thickness), sharp 
crystallographic textures, and the magnified effect of the free surfaces, but it also has 
important applications. 
 
Crystal plasticity based finite element modelling (CPFEM) is used to study strain 
hardening and creep/relaxation in freestanding nanocrystalline Pd thin films. The 
model accounts for the confinement of plasticity due to grain boundaries as well as 
for the significant viscoplastic effects associated to dislocation dominated thermally 
activated mechanisms. The model is based on {111} <100> dislocation slip with 
grain size dependant CRSS and the strain rate sensitivity is described as a function 
of the activation volume. The model is shown to capture the experimental trends. 
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